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Foreword And Acknowledgment* 

rpIUS PUBLieATlON CONTINUES the annual »™ of bullo- 
1 tlna ln 195,1 “ a.oooporative undertaking between the Na- 

IMu«t'r X ''‘n 0n U< Tn J ' Sc, " J1C * Toichj "S “"J Un> Office of 
Mucatmn. lire present bulletm munniames and interprets the re- 

*A*rch in science education from July- 1956 to July 1957. 

tmChing * n 8Cleilce ’ 113 in ^ oilier subject*, 
■w^b 1J\ ^ d T”‘ up0n the “ ,em 10 whici > ‘in-tiw of 

! Th ‘ rn^ of this bulletin 

^rch findings in saence education in such a form as to be most, 
useful for this and o'ther purposes. * 

^Z,!! m rr “"‘V* ?° ,he of P"Wi“tio™ resulting from 

e joint efforu noted above has received favorable comment and 

.de distribution. The ballet ins have become .established dZlTts 
■ l ‘' ra " ,rW ^'" Cral - «n » o~ro 

At no other time in the history of science education in America has 
there ever been a climate so favorable to the immediate and long-range 
improvement of the subject as now. Though the efforts of the Na- 
tional Science Foundation and many independent industries and 
foundations, millions, of dollars are being made available annually 
for upgrading saence teachers from all levels. The passage of the . 
Nafaonal Defense Education Act by the. 85th Congress has provided 
1 '^‘Imdlionwd dollars over a 4-year period, part of which will 

mstn^tkn 6 ° 101(1 ^ sy8,enisfor strengthening science 

In this framework the role of research in science education assumes 
ever-increasing proportions. Without the guidelines which sound 
research can supply, the millions of dollars now available for improv- 
ing science instruction will not be able to yield their maximum poten- 
tial It is hoped that this publication and others in the series can 
prpyide some basic findings to that end. 
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ANalisIs UF RESEARCH in the teaching 

OF SCIENC E 

Introduction \ 

'"X ' ‘ : 

t 

r in the teaching of science was completwl tmiween 

il ! u ‘ : ' * nd :! UI >' What findings and conclusions vomited 

V ‘ ,, ^ v • Mtuui: ‘ q ‘ What implications do tliesa findings have for* 
ih ? impivvanbvit of science teaching in die schools? in what, mm 
was trm HMeat'ch during this period concentrated f What irnnortant 

f**? U> tie. neglected I WInii directions am huH^lZ 

turthar research/ 

,J° ‘“T?!', 1 * 1 ^ mng tms ' werH iii{ ‘w and other -nicstiona, the VS. 
^orttat^on in operation with the National Association for 
: osearc . 11 ***»«««» ««aciuug continued the annual gtndv which 
-con earned on since 1060. The aviation maintains a Ending com. 

,M rov,ew fwul sumuiartM the research. Science teaching at 
, ' en ^ n<ar ^’ 7 vuliaai : v » college levels m represents! by sop- 
lr i?0l34 ' olls 0n standing committee. 

m ooinmjd^ made a meticulous much of the boob, ixunnhlet- 
aii««jnrt-MHi , c,-ii literature for dm period July i#3fi to July 1#0T.‘ The 

°. r mor(H Umv 50 magazines which have carried mihlishad rZ 
! n * CMmce Muetiion reviewed. FVeouent '.me wn* 
maue or other sources snch as the Education luck*,' Ijj 

cuMifimim members reviewed abstracts of unpuidiahed studki in 
8Cl ? K:e f,< ! i?eflr : ion ^ Mdained annually by the. Oft* of F<J*. 
caw ‘":.„ Wanks for Ukm» unpublished studies were madid to 

o,er Hitmans and individuals who have knowledae of 
r^mn work in the field of mm m education. 

. ri Fmm f : he8e two wwroes the mutw list of research studios 
;. * »P°rt«d in this bulletin wm selected from thi* 

riiSr g » ** °! ? rif * rift <** PP- which the N 

-«*- ** - 


•2 ANALYSIS OF RESEARCH IN ntAGHlNC SCIENCE 

* - J * n ' 

The work of the committees was handicapped by the fact that, in 
both tKe published and unpublished studies, they were for the most 
part working with secondary sources, such as abstracts and articles, 
rather than with original documents. The chairmen of the three 
committees, the chairman for the National Association, and the chair- 
man for the Office of Education accept full responsibility for any 
errors of category or interpretation in applying the criteria for select- 
ing the studies. 

Some studies were eliminated by this evaluation process, because 
they failed to meet the criteria. It is entirely possible that these 
would have met the criteria if the abstracts and published articles 
had been prepared with that purpose in view. 
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Section I. An Examination of the Research in Science 
Teaching 

R ESEARCH FINDINGS must be translated into effective action 
bj school administrators, science consultants, and classroom 
teachers if they are to make an impact on the improvement of instruc- 
tion. The research reported in this section has been classified first 
into three categories; namely, elementary level, secondary level, and 
college level. Within each of these categories there is a further 
breakdown which attempts to cluster the studies around those prob- 
lems of science teaching to which they contribute. 

Each study is identified by author and also by a letter and number 
in parentheses following the author’s name. The- letter indicates the 
particular subsection of section III (Bibliographies) of this bulletin 
where the study is identified, listed alphabetically by author, and 
numbered. For example, “Simon (E 8)” refers to item 8 in the sub- 
section for the elementary level. In the same way, “Easter (S 4) ” and 
“Combs (O 0) ” refers to items 4 and 9 in subsections for the secondary 
and college levels, respectively. 


Research on the KlemenUry Level 

* 

The studies reviewed by the elementary level committee were taken 
from the pamphlet and periodical literature of the period July 1956- 
July 1957,' and also from the abstracts of unpublished studies col- 
lected by the U.S. Office of Education for the same period. For pre- 
liminary analysis, 18 studies were selected from these sources, 1 from 
the periodical literature and 12 from the abstracts of unpublished 
studies. This number represents a decrease from the 19 studies re- 
ported In the last survey. 

Of the 18 studies, 8 met the criteria, see pp. 88-84) and thus quali- 
fied as research studies suitable for inclusion in the present bulletin. 
Three have been classified as curriculum studies, three as l ea rning 
studies, and two as teacher training. 
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Cuno (El) attempted to determine from such sources as courses 
of study, teachers’ manuals, and textbooks in elementary science for 
children, what specific content materials in science to teach children 
in the kindergarten and primary grades ( 1-3), 

The major problem of this study was to select the appropriate sub- 
ject matter and from this to prepare learning esperienoee for the 
grades involved. Selected courses of study, elementary science text- 
books, and teachers* manuals were analyzed. From the analysis the 
learning experiences for the children were built. 

The important findings from this study were (1) that more back* 
ground material on specific science concepts is needed ‘for teachers 
in the kindergarten and primary grades ; and (2) that more Selective 
science concepts and related learning experiences axe needed for chil- 
drenin these grades. 

Pella and Solberg (E 4) sought to determine “What can one fifth- 
grade da* in Beloit, Wia^ learn about atomic energy ? n Thirty-three 
fifth-grade children had instruction in atomic energy from their 
Mgular teacher through books, TV programs, a filmstrip, and bulletin 
hoard materials; and from a professor of physics from a local college, 
who gave supplemental talks. The children posed certain questions 
ft bout atomie energy which they wanted answered and then used the 
resources noted above to find the answers. The children presented 
reports, prepared bulletin board materials, held discussions, and con- 
structed an apparatus to demonstrate a chain reaction. 

Before starting the study and again at the close of the study, each 
child wrote a paper on wh&t he knew about atomic energy. The two 
papers of each child were than compared. 

From this study the following conclusions were drawn : (1) Fifth- 
gtode pupils are interested in atomic energy. (2) Boys and girls evi- 
denced equal interest in the study unit. (3) Many differences were 
noted in the nature of the specific learnings achieved by individual 
pitpiis, (4) Fifth-grade pupils can learn many things about atomic 
energy as a result of systematic study. 



uta natural phenomena Qiey encounter,' (8) seek experiments to- be 
P 1 ^ chi l dre n an uiKterstandiiig of Ae 
s P ftce wertists and space travelers face, and (4) locate source© of in- 
formation in the Los Angeles area which wohld behelpful- to the 
t eacher in s timula ting a clan in a study of space travel. ■ 

me finding s ^owrt; (1) Many of toe concept* involved in the 
study of space travel are actually the same concepts that are studied 
in the maw elementary science program and only the point of refwttBce 
needs to be changed, (2) The intense introeet currently ex pressed by 
m en ternar y school pupils should he utilized by toe inclmtion of a sp^to* 
travel unit in toe aiienoe program of the elementary school. 

s | 

Slmdim Related to Learning 

The conditions under which children learn most readily and to the 
greatest degree continue to be a perplexing educational prob lem , 
Munter (E 5) conducted a study which waa designed (1) to note and 
describe developmental patterns of responses to questions of a cause- 
Mid-effect nature in the field of science, and (2) to determine how 
children s thinki n g in this field develop* with regard to age, experience, 
old formal tra ining . 

Five questions of a cause-and-effect nature in the field of «ri^oce 
were given to 90 pupils in each of grades 8, 4, 5, and 6. Tim pupil 
responses to these questions were recorded and then analyzed qualita- 
tively. Later these response wot© quantified with scores ran ging 
irom 0 to 4, depending on their degree of correct ness. Thou date 
were organized and statistically analyzed and graphic representations 
were made. 

The findings of the study were tort: (1) The correctness of a re- 
sponse tends to increase with the age of children, (2) responses may 

differ greatly among children of the same age, (8) the correctness 
of responses made by an individual child varies from question to ques- 
tion, (4) there is no definite pattern in the type of responses among 
different grade levels, and (5) the depth of response tends to increase 


Q Garvey (E 2) conducted “An Investigation To Determine the Sta- 
bility of Science Interests of Five-Hundred Grade Sehobi Children” 

in ^ city of Providence, BJ. : 1 _ 

was constructed, using as a basis toe eight <i lfa|et; 
for the Fifth Grade,” appearing in Scime* 

5, and fippublitihtt! 
Providence Public 






500 fifth-grade children in 10 elementary schools (public and paro- 
chial) hi various geographical and economic areas in Providence. 

» % The coefficient of correlation between the responses of the first and 

second administrations of the questionnaire was calculated to deter- 
mine whether there was any indication of stability in children's science 
interests. 

The Spearman rank-order coefficient of correlation was calculated 
to be 0.99. This is indicative of a very high stability between the 
choices made pn the first and second applications of the tert instru- 
ment, To determine whether the frequencies of response in this ques- 
tionnaire investigation were significantly different from those which 
would result if only chance were operating, the ehi-aquare test, was 
applied to the results of the first administration. The results were 
found to be significant at the 1 - percent level. It was therefore con- 
sidered safe to assume that some factor other than chance was oper- 
ating, This other factor could be called a preference or an interest 
factor. 


Johnston’s (E 3) study sought to find “the relative achievement of 
the objectives of elementary school science in a representative sam- 
pling of Minnesota schools." 


being achieved in Minnesota schools; (2) what pupil, teacher, and 
teaching situation factors contributed to the achievement of these ob- 
jectives; and (3) what are the implications for the education of ele- 
mentary teachers. 

In the conduct, of the study, questionnaires were sent to 478 super- 
intendents of Minnesota elementary schools and to a proportionate 
stratified random sample of 87 Minnesota fifth-grade teachers. Sci- 
ence activity logs were kept and submitted by a subsample of these 
teachers. The fifth-grade pupils were pre- and re- tested on science 
materials. Appropriate statistical treatment involved cluster sample 
analysis tor estimation of population means, analysis of variance and 
covariance, and the “T” test of the significance of means. 

. The findings of the study revealed that: (1) There were si gnifica nt 
gains bet ween pretest and retest means on tlie science test in 58 of the 
87 fifth-grade classes; (2) the difference between mean gains of 8 IQ 


p| groups (over 120, 95-115, below 90) on the pretest- retest, was not 
H sig n i fica nt; (8) the number of years of teaching experience wag the 
If: - only teacher or teaching situation factor which showed a statistically 

g| significant relationship on the science preteet-retest (OQS level)* v 


K* conditions m fifth- grade acaooe 

tmehing ware wmWbyttiww: <1> The tandsorr to 
biol^UMr«etaMB »t the exp**,* of physical sotenw; (») th* emphaai* 
on te«Oook reading and dieoWMon as a idling ntcihod and tin* 
limited me of experimental and laboratory activities, directed observa- 
^ “ d rw^reh reading; and (8) the fact that pupils with high IQ*g 
did not gain iignificandy more on the science testa than did munis 
with lower IQ 8 #, ~ 


Stiutin Related to Teacher E ducatio n 

There are many persistent and recurring questions relate^' to tlte 
edimtian o£ tma ^ for elementary admen. Some of tb^ are the 
feUp winif ; ( i ) What difficulties do elementary teaehere encounter 
thrt prevent the eJemenUry «i«a curriculum from functioning as 
wau m it should f 19) Are science conress in the teacher education 
AfwrtineBt* 0 f our collages inadequate in that the teachers tr aining 
aoes not carry crew and function in the cla«wml (8) Is there a 

1 V® of mter«,! (4j is mere a lack of direction on the part of public 
wftoerf admi n grtf stors l 

Attudywa* conducted by Pilta (E 6) in this aim. The purpose, of 
(lie un-wuigarimi wm to determine what factor*, in the opinion of 
jSssWjj! fcoawnwSj handicap Buiamje teaching in me elenam to r v scb< mjI, 
w ^*' re’M Km^ff js-i, ii any, exist bRween the Mpiretiona of teach - 
e» and the dUbuM aa they think they face. 

A questionnaire wu submitted to a random swmp te of elementary 
teaehere in an attempt to identify recognised difficulties en- 
countered in mmom twtehiiig. The reliability and validity of the 
questionnaire and the aoodnrioQg drawn from ita ue were tested fa 
a variety of appropriate atatietieal teehmqut*. 

drawn from the answer* to th» questionnaire were 
choired tnrongfi person aj interview* with a sample of teachers and 
Umtragn elammom observations and discussion*. Am^ th* ei*hr 
findings were the teachers’ beliefs that— 

L They were taatfttjjped by a Imek ef physical fin-auks swi m WO rk 
*»« storage ipeeg, ^juitnnent, a&d &U titles. 

2. They were Incompetent fa padt tmcMug Weknlqaes as ri <dte and In- 
terpreting content and develops uj? attitudes In etiiuren, (Spe cMcally 

te e te teT I u L^^ tT ^ C * Ct> ^ rg dMfcitlly In helping efelUfrcti discover 

freoiiefrt me of tsxflKNik reading Mg the j «={«!# ry nirftioil 



Imt experienced U»e aamo diffloulUw a» oti^r t«cbert. 

S. Tbetr dtamltJfe* coold be oierraae tliroufh -« 

scleuce and hoW to teach It 

Richardson (E 7) conducted & study concerned with the need for 
meervioe consultation assistance in upgrading the science contribu- 
tions to the objectives of elementary education. 

The purpose was to assess the awareness of county superintendents 
of schools to the need for consultation services at the local school dis- 
trict level for upgrading the contribution of science activities to ele 
mentary school objectives. 

The procedure was to ask each of 21 county superintendent# the 
following questions: (1) Do your county schools need more contri 
buttons of science activities in the elementary scIhxjI curriculum! 
(2) Do you feel the need for the availability of a list of science 
specialists who would be willing to help at the local school district 
level In upgrading the science activities in the elementary school f 

The findings were : ( 1) Nineteen of the 21 superintendents answered 
w yee” to the first, question; (2) 18 answered “yes” to tin second 
question. 

Research on the Secondary Level 

The Secondary Committee included in this bulletin a total ©f 25 
studies. Since seven of these are largely of a survey nature, they 
are not analyzed in this bulletin ; they are, however, listed together as 
a group under Svnwy*. (Seep. 28.) These surveys deal with various 
aspects of science inst ruction, including science offerings, enrollments, 
student preferences, and teacher preparation. 

Of Urn 18 studies analyzed here, 3 are related to sdeoee teachers, 8 
t# curriculum, 4 to teaching procedures, 2 to measurement and evalua- 
tion, and 4 to achievement in science. Two are cUarified as 


Related fa 


DeLpach and Boysworth (S 8) reported a stndy 6n the turnover of 
chemistry teachers in 6$ Alabama high schools for the period 1942- 
63. All of the schools offered chemistry each year during those 12 
'■m D* 4 * were obtained from correspondenc* with school® and 
from records of the 8tate department of education. Once obtained, 


were summAriaed infive Ubke. Some o# the findings were : 

(1) Whimm m <*Mtow taught otomtory for at Imnt tfTnn— <inwtinj 
- VOar ® to the same school, -177 ttmctors, taught it for fewer tUn g 
ooniitonim ytgm (g) ( hie hundred toitotora, nearly half the total 
(‘218), taught atom bur y lor only 1 year during the 18-year period. 
i.8) Of the 4T Beboob having juat 1 dttuutory teacher on the gj g 
oach year, only i schools had no turnover during tto pnriod: one 
school had 8 flmerent c hem tetry ttMust^rs in 12 y ear s 




T^ha whose field of 


collie specIaKmtion wia not apiepee but 

„ } m the Hocondar? elmo ta pf 

during the 1W4-55 school year ware the mhftxi Q f an 
analytical study by Victor (8 17) . Ilia purpt^ to gam informs 
shout Mob twohere as feraons and m guides to laming wiwiw 
Accordingly, by n umm of questionnaires and mtarfiewa, to gathered 
taxonomic information on “converted*’ science teachers, lie also ob- 
tained fgkinedj information, again by questiannairM, from their 
pnnoijJBi*, and, for control purposes, from qualified science tractors 

throughout thartsto- 

^ A totol of 52 “converted” science teachers in 44 schools wm studied. 
Questionnaires relumed by their principals yielded information cm 46 
of than. The control group of qualified science teachers numbered 
54, Statistical treatment of the responses in the questionnaires m- 
duded tto toe of the T-t^rt, the chi-®juare f est , and the oottfickmt of 
wrdatiai. Some. of the findings are m follows : 

1* percent of the ■ qvtvM t eft, tt.'r- h,; tl ta tm c*; sn in 

• ® ptwwt tod Ukt’u just not* or two ■mastera of any hfUhhw 

Bluoe becoming “converted" science teachers, they had marie little or no 
effort to study farther in science. 

2. Most of the "converted” science teachers were leaching science imrt-Ume 
end were usually assigned to teach general science or biology. Their 
college majors generally bad been social studies and physical education, 

S. The "converted" science teachers did not use varied affective In- 
structional practices as often as the qualified science teacher*. They 
also received leas inservice training and had a lower degree of Job satis- 
faction toward teaching science. 

4. There was no difference In the extent to which both groups (“converted" 
and qualified) were aware of and taught for the varied object! vea of aai> 
first beginning to tench science. Usually the “Wn- 
“ ^ given little advance notice of their aaiigw T 



meats to teach 


8. The “converted" science 

in importance of help 


ranked methods of teaching science 


<• 


-• 


10 




ANALYSIS or MNftUtoll DC TfcACJtfKG SCreNCN 

The “convertor ecleore tethers ranked understanding trierae content 

lew La Importance. 

S, The “con ?er ted" edenee t*chw« who received mm* iMerviee training 
owd varied ami effective instructional practice* more often than those 

who received Utile 1 near rice training, 

7. '1'he result* of this study Indicate that the ‘'converted" science teacher* 
need apedfle help and superriiiao In broadening thd r nnenre hack 
rrmnida and their knowledge* of technique* and method* of teaching 
■deoee, In developing thdr ■biiities and aklll* In handling equipment and 
In expanding thdr concept* regarding the objective# of science education. 

*r~y« 

F roblcins and propi^aiB curiDBct^i with Lhs Ripply of scioncc 
teachers in New York City were investigated by Schenberg (S 11) 
Information was obtained from a questionnaire sent to 54 academic 
and 81 vocational high schools on questions related to unqualified 
teachers of science classes, future demand for teachers, substitute 
- teachers lacking professional study, housewives who qualify as science 
teachers, mducemen|rfor substitute science teachers, and the identitv 
of each married woman who had quit the profession since 1940. " 

The major conclusion of this study k that New York Citf high 
schools are facing a crisis in science education today. Fourteen sug- 
gestions for remedial action are listed. 


Sluctiei R el a ted to the Science Curriculum 

Blanc (S 2) made an analysis of high school biology textbooks “in 
order to determine the topics and areas rereiving major emphasis by 
authors and publisliers of biology textbooks for the high school level. r 
Hi* survey included 10 current textbooks in the field, sel ect e d at ran- 
dan, which carried a revision date of 1951 a* later. The investigator 
found that, according to the 10 textbook authors, the most important 
wsw-in the field of biology are (1) conservation of natural resources, 
(2) study of the human body, (*) study of flowering plants, and (4) 
genetics and eugenics. 

The individual topics which the textbook authors emphasized most 
Were (1) structure and function of leaves, (2) foods and nutrition, (3) 
process of digestion, (4) principles of heredity, (5) physical factors of 
the environment, (6) inheritance in man, (?) evidence of change in 
evolution, (8) conservation of forests, (9) sense organa and sensation, 
(10) eoU and water conservation, and (11) conservation of wildlife. 


The ma the ma ti c s] prooeeaes needed in learning high 
and physics were investigated by Lockwood (S 7). The purpose was 
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to eintfiute ttz “generally accepted belief that high school students 
often avoid chemistry and physios because of the lend of difficulty of 
the rnatheraauos content in the* courses,” 

me wdior Mmmuiftd mrm chemistry text* and eight physic* texts 
iniendeu tor the Becood ary level in orttf to determine the mathematical 
P'ffT®* MMled for an unden^ding of all ft* teats and for the w- 
completion of all the end-of-ohapter problems and acting 
A xmaij WM teen made of these prows**. All the textbooks reviewed 
naa Wpyngnt date® bdwtta 1950 and 1966, He concluded thaf - 

if C* fBnc * loB or fart m >, — ; la al^rs y preparsttoe ^ 

cfc “ trj ' and phytic-. tea, should b, pUewt m ^ 

maOeal prnr--r-__ e-nd Mrt mo wagp y in tfc== mi . 

*■ "v - * 0 ** TO^rfnlly ewaptetiJif U>e fart owm to aJartrm h*w* ro 
JfaM nilDB ter twidlat etosOrtry and physics bee*u»8 of t># wm of 
dimeylty of naUMM&atliwi content of ttns«e «mrw*, 

l Tte Wtttottv* appwaeli to etaairtry and pfcyrt« iwotebly .lamid bo 
* -laM ,, ~ I vT' ■!> eittaiiijQi fri* tec~. : coonci would 

t4 *“ °* vateaW# «*p*rt«iiio* to the of matewBattai to 

pr-Ai**;* t* chemistry and ghjwlm. 

4 IT* zmmmptkm tafarbtog tbo teilrf timt asm® students ■ nrfd ctoiwtetry 

““ * ; * ! - Te5 ' ~ Of the Ufa level of Bitbeaitjoi coetcot of * *i r rir 

muam is set valM. 


Duplication in learning some basic principles of physio- was in- 
vestigated by Wise (a, 18 j. The steely wma undertake to determine 
whether high school papiii who completed a comm in ninth-grade 
pMrai fatene* could dafiaitely increase (heir anckmanding of mmm 
t^priMplw of sotem* by eompteting either a emirae in high school 
phyM or a ww mm in iiekoce at the junior college kv*L Also- 
for posnhk duplication was the high school phriiiadtmiar 
e©U®§« <S4a?!ce sequence. 

The area of Iwwt was used t* a ample topic in the study. After 
pr phwifaar y test® wars ootMrtKted and administered, a *i ngk, 
final test was eoMtaurtad and idminiiUfid to a broad sampling of 
in high school general •eknee and physios and in junior 
oaDege physical sewaGea. An iid«Iiig»ee test was also given to all 
Oomprwsns of the mean aeonti of das**' were based 
on an analysis of mriaai* between groups erf students who had eom- 
pkted the various combinations of cou rse work in science. Ansnalysia 
of eowiw with the mtemgenee factor held ran grant wm ^ \mm* 
* or similar comparisons. 

Wmh oondustone ware the feflowuig : 

L XhwB* tars wtogtetta a tmrm ta pnmcJ sdeace et a* 
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ot physlca will to inerwcasd «i the result of the comple tion of a course 

lo high school physios. Such an Increase to apderstaadlag -ma y not 
however "be expected to accompany Che completion at a physical kImm 
survey Cvuree taken at the Junior collie leVeL 

2. Pupil* who have both general science and phyales to high school may not 
erpect that the completion of a surrey course In the .physical wejmem 
at the Junior collage level will add materially to their uaderstandtags of 
the tonic priori jdes of physics 

4, Oourses offering a survey of tto^phyaioal nrieooes at the Junior oolite 
level are no more effective than are courses in general setose uffeml 
in the junior high school In developing qualitative understandings of 
tto bade principles of physics. It wen s reasonable to that a 

dmftar situation may exist with principle* from other areas of sdemw 
It follows that in planning a program of gsasn U education, the major 
effort to develop qualitative understanding! of Impw^nt priorities of 
aclmiMi need not be postponed until Lto collfge years. 


.ShuJifi RWaini to T 0 n rh i nf P rorwf n rri 

In an experimental study, Scott (S 12) compared two methods of 
teaching 10th -grade general gcience. Specifically, lto undertook to 
learn how the inductive method of teaching compares w ith the text- 
book method in developing pupil abilities to apply science principled. 
Studeuta in the experimental group were matched with their counter 
parts in a control group on the basis of testa for mental maturity, 
reading ability, and famwledge in science. As students in the control 
group were being taught science by conventional methods, those in 
the experimental group wem induced to study and 4isoow relations 
between data in order to arrive at their own generalizations. At the 
end of the course, a test on scientific principles was administered to 
all Comparisons were made between the initial and final testa given 
to both groups. 

Scott’s major findings were the following : 

1. Both croups had a higher mean score on the science teat at the end 
of the count than at the beginning 

% In May (at the end) the experimental group made hie her scores than 
did the control croup. 

3. According to the swage score*, the gala of the experimental group 
over that of the control group was very significant 

4. 4 high correlation existed between mental age and scores 

&. According to the average scores. («) boys la the experimental group 
outgalned girls ta that group,- (I) girls ta the eootwrt group outgsined 
boys la that group. 


EXAMI NATION OF THX BmauynH jg 

wu Wf than the i«**r*vnt#g t > of ajemter# of the control group who to 

unrer^ L 

T. In lQtb-grade P«!«rBl aoteoea, Undent* taught by the inductive method 
made more progress than atodeot* taught by the textbook method. 

a Both method* of teaching ^OUj-grade general lienee are conducive to 

* itDda&t grt n t h 

Richter (S 8) analysed drawing and learning in biology. The 
investigator Bought information on two basic questions: (1 ) What is 
(Re relationship between the ways m which pupils see ohjeefive ma- 
terials (charts) used in biology classes and the ways in which thgy 
:OArn tins related subject matter J (%) Whales the relationship be- 
tween certain drawing characteristics and the possible personality 
components of the pupils f A large number of drawings of biological 
1 harts were secured from biology classw. Scores on verbal and non- 
verbal intelligence, testa and on subject matter tests were also secured. 

had rated the drawings for accuracy, an average accuracy 
scone was calculated £or each pupil. The author also rated all the 
drawings for the presence or absence of certain characteristics fre- 
quently considered abdicating aspects of personality. All data were 
finally analysed by lnteroorrelational techniques. 

Following are the findings of Richter's study : 

1 Tbar » t* w>me eorreUUoe between the average accuracy wore aod tha 
•core* from achievement aod laUdiigeoee u*ta 

2. A ft w speetAe atroctural characteristic* appear eotudateeUy Uj the draw- 
to<* aod are reliably correlated with ewuium erf learning, drawing 
accuracy, and lm*lllg«u£e ; they may give information about poaalbla 
pcreoualltr eompoDeata 

S. The level of reliability seems to be affected by either the drawing motif 
Baelf, by something in the drawing situation, or by emotional factors in 
the pupil#. 

4. J*or characteriatie*, variability to more highly correlated with good 
performance than to conatot eocy. 

5. A few payrholngleal eharaetertotica are significantly correlated with 
learning area though there to no logical re***) for a correlation. 

•. Tba finding# suggest that visual, ownrtiJ aspects of tnteUigenee may be 
important la learning from visual a Ida of all kind* 

" Tb#r * ! * *** teat the characteristic* that predial* we toward 

rooc ® 6B pretoata differ from those that function in j>ost tests. The 
* utilOT b# M*vaa that this find i n g should be glreu further study. 

Tba effects of Ming biogra phical sketches in teaching high school 
ctoBhtrywMMWI^EMtef(S 4). By using an eAfiwinwntei 
approach to the study, lie gained objective information on “whether 
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or not classtime should be taken from the teaching of chemistr y 
fundamentals to give attention to the activities and scientific achieve" 
ments of famous chemists.” Two comparable groups of students 
were given instruction in chemistry similar in all respects, except that 
for the experimental group men and events in chemistry were em 
phasued by the presentation of biographical sketches. 

Evaluated in this study was achievement related to the following 
six ooiectives: \ i } bunuamentais of cticmiary, (2) men and events 
in chemistry,. (8) scaentifio method, (4) scientific attitude, (5) scien- 
tific interest, and (6) science activities and ambitions. For five of 
ttie six objectives, the exception being the objective of scientific inter- 
est, mean differences between toe experimental a»4 control groups 
were tested by the analysis of covariance technique. The IQ *wr? 
geometry scores were control variables in the analysis of covariance 
testa of significance, and stratification was cm the bans of aaa 

The author contends that M it was demonstrated by this study that 
an increased emphasis upon biographical sketches results in an in- 
crease of (1 ) achievements in knowledge of of chemis- 

try,, and (2) achievement in knowledge of men and events in 
chemistry.-' This study did not demonstrate that an increased em- 
phasia upon biographical sketches results in mi increase in (1) 
achievement in scientific method, (2) scientific attitude, (3) scientific 
interest, or (4) science activities tad ambitions. 

Simeffdihger (S 14) gathered experimental evidence on the ability 
of students to identify and evaluate assumptions in science. Her 
purpose .was twofold: “(1) To determine tbs effectiveness of two 
teaching techniques upon growth in the ability of eighth-grade pupils 
to identify and evaluate science assumptions, and (2) to compare 
growth in this ability with growth in the ability to recognise non- 
science assumptions and with growth < in general problem-solving 

classes were divided into three groups and for IB weeks were 
taught general science by a problem-solving method. The method 
for each group differed: In group I teacher-planned experimental 
MtercMss and assumptions were stressed; in group H, pupil-planned 
exercises wire used ami assumptions were stressed; m group TTT 
(control), teacher-planned exercises were utilized, with no emphasis 
on assumptions. Pro- and end-ieets in subject matter were given to 
taA group in order to measure general pro^m-stdviiig ability, the 

to identify science assumptions, and the ability to evaluate 
^ta. The gains were treated statistically through analysis of vari- 
ance, using levels of IQ. and aex as predictors and the teaching method 
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§9sto«tol tmtfSmm wtton^ ito *»r*~**~ a* ■ gafn — wti^ J*. 
««m to toqatoiiia rf Matter. 


4. as -toe mk «8- tot# m iq sr-s-e^re mmanm atijml ar to aw oths^ a 
iiitftyiWMiM, 


«, 4 Mffi mMw mlste totw to M tta talttoi aWI^ to tosHfe 

£ER>mptic-ss *# toa icliis! ability to wahiato frr, t ub s Marked 
ftotto^frip la wl teaad Ntir*» the — »-- ^ # tha** 


** u ® “•»' nuaiiip um tnthw *M>> noted certain iaapIktotiGOfi ■ 

i * 4i ** to BTUI§f rtpltow (TOWUk to £rf?lM-'in*.anj T»n ^ Ito- 

**y ia • Bwmal WAl^ loss of gahj^ t nattor. 

i. W tta m toachlas tedMtqpi mtmg nuwt wk4{ 

yrt ^ ggqp t nd edsm o ^wmImw, T ;MiA- a. grtatogt 

•ivwtt lO tM S hi l! tj to JitiStify fl r»1 Tal —fc g ■town iigtim'.i.ifrnn 

a Tfre abO»tl«g inwtrwl ta •aitliii, Hko dto »£Uiit;# to ;.w.t;fr ^ 

4 The «Nlty to Mantis «et*ec » aMuapttea to «ttk«r wmj datof nitot&g 
to tk* aMUtt' to rtJM to tkctt, «r to MontMu wia It, 

a. tt ytoag ta Mm »ttobp Go— don «ot ssskb? to tw nfs avtoMtf- 


B J wiploytog film slitka to eotor, Gostetog <8 6) mawd 

w« detoraitaitbe teikbilifcy sad of « film did* teta deeignBd 

w HNWP Of Isifili school pupils t# apply a acientme 

fnethixl cf totaling t* a* eotottcG «f praftioar iW>l«ris ih the mm 
ofmecheokto in in|fh school physks.’’ A preliminary tort, was pr*. 
Itoi^ wltoicoriglitojly inctodad lOf dto^ and ioV written items 
(mitoipto^ka fype> tot^mtol «o pr^tomsolying toy. 
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After a panel of judge* had rated each question and picture, 27 items 
were selected for inclusion in the test, A synchronized tape record- 
ing was then made to present orally the problem situat ions pictured 
in the projected slides and described in the questions related to them. 

A second written test (minus pictures) of 86 items was prepared 
in order to determine the understanding of examinees of the prin- 
ciples of inechanics involved in the picture test.. Both instruments 
were further refined after being administered to 412 student*. An 
item analysis of the picture .test included computation of item dis- 
crimination indices as well as item difficulty indices. The final film- 
slide test contained 24 items; the final principles of mechanic test, 
20 items. After further testing, a reliability coefficient for the film- 
slide test was computed by analysis of variance. 

Goto ring found that it is feasible to measure through the media of 
projected film slides and related written items the ability to apply a 
scientific method of thinking in the area of mechanics in high school 
physics. Further, the tests used in this study appear to be sufficiently 
reliable and valid for classroom use. 




M&lhnson (S 8) reported to analytical study of the difficulty of 
different types of items included in certain New York Regents 
Examinations. Her purpose was to identify the types of questions 
which students avoided or found difficult in science pTamimoirmfl 
The questions and answere selected for study were those included in 
part II tenay only) of the Regents Examination far biology, chem- 
istry, earth science, and physics given in January and June, 1949 
and 1950. Each item was studied ; to determine it* type (recall, 
application, etc.), popularity, and relative difficulty. The data used 
in this analysis were part of a larger investigation involving the 
review of 31,317 examination papers. 

The author’s finding* follow : 


1 1“ general, this analysis seem* to Indicate that to all street matter 
areas, the Items giving the most difficulty w«n those that retire an ap- 
plication of facts and principles— that cell for an understanding of the 
applications of science in everyday life. In all fonr areas this type of 
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***** tm knowMn tWy dartre froa tkMr stud y c < ^aac*. In abort, 
t^cb«» BDi h*^ rtod«at» oada mand rriHii tmuln p, mtbar »»>« Mw 
tow to become mere walking ew^lopediiis of neientiflc fact* 


,iuatm KOvimd to Aekivxemem m Sctsncw 

I® 10 ) oonouctea a nteotion study in chemistry. By using 
& fc-.H jnpie population oi ttudents m five public hi gh schools, 1 hj set out 
to -aetermme to what extent the learnings of high school chemistry 
mjjUMtiu uj pu^fus uunng uie rlth year of high school were retained 
1 year following the completion of the course.* 
imuniiBuuu was oocainea through the use of standardized chem- 
tBwv lews, a test lor mental maturity, and a questionnaire. The 
uiibnuouj Were h vu_u u 1 1 axe . ret i to Ibu pnp i ih Qf ayeriig® into! ! i- 
gajice, me nrst one Deiore they took the chemistry course, tho second 
when^ they had completed two sroierterB of study, and the third a 
year later. Achievement was measured by the differences in the raw 
bumtbb of the first two nets, retention, by the differences in the raw 
Boorea m the nri and third testa. Coefficient* of correlation were oh- 
v ~ 4 * u u^wmaa wHuefetniQi ana retention, achievement and intelli- 
gence, and intelligence and retention. 

The author's conclusions were these • 

1. w o etoan iatry dnrlnf the llto grade retained approxi ma tely 

m percent of the course InformatiM 1 jmu foDowin* completion of the 
course. 

% I h# ot ehMtatry r etained mm m* elogely miataa to a chie v ement 

ttan to ia Milyim ee; lataiHy aDce wm alto related to s.-hiw Ht,«,t 

$. Ootimm -kmad p^Ug retain e d atom ch*gagtry than terminal etndeate. 

impMfwIm, 

8. Bm mm Mi • teeter in the iwmt of ehowl^ ry retained. 

©, wm no significa nt dlflw wo in the typaa ot t^nmin^n in cfcamlatr y 

mrntmA - - 




Shnpter (S 18) completed an analytical study dealing with achieve- 
uMt in secondary «choaIici««» Misdated to pupUii' relative preference 
to the field. Two complementary hypotheses were tested': (1) “On 
tiw *«n» levels of mental ability, student accomplishment in science 


m 


(2) On 


increas e with ime 'm dagiw. of mantel «fcni*y 

£ i i t A -* J*. . m - 

given the 

of the Harry- Dur<ift 




ib amaIjUM %w h iy ’TvA t'iiT^ n & u m » 


*•* 8oA0ot uontmt and a s pecia l ly ooutnetad imtru- 

'"“ !t trtftflt to »w ft* prtftrwMal choice of in the 

Wiping t»ohok*fcl* fields; science, huig nagBi, m^Wnait ^ ma^i 
^m, fine arts, and th. nmnipuUUTa a^The a^ on these 
itllv ® wwb tTmarformad into rtaadard scoria wkh rmawm 

u * >4t - n “d ™*w- Th* data wn analyi*d to vnrions ways, aa wen 
ifa# scores of a ijeekl popolation <mhfftfflple of 8W mam, Th® aH. 
n wn^ r» wmrm QftQMin ■© that, in aggregfito.. they wonkl form % 

”** diirtrujotioii m to mental anility, tmt w it h Zhanna varktioii m 
,w> jwi of a i u a nc e study and pnlawoi for i i«uw- 
J.M flowing inftimow and eonol^ooi wctb toad*; 

L "Beth tt tfee hypo ^texs itatoa atef* m sup por ts * ta — rtrfaj^ n y y 6egtw 

a A* a pndMar of ad em e t aeea«plWnMat to <!■..«« wjto kite ^ee aw e 
me!itii! ability, tovni -'f ni«iii*l bMU^ la tl* bast mUm im of I*»«l af 
potential aot-oa.itl^hH^ttL ^ 

i. In groups m to laetiti d »WI^, l«v,4 of srafar#s^& for 

■tatty la tto I*«sm pwAtator <rf aa MtUmTi pe tantlal mmomfim- 
meDt *■ «lsa« mmtr ftw hfs i?m af mental afeoi^. 

4 Profuffioa far seUaee «tofly w*» fomd le to i csies-to t MA* wfto 
wmit of m owto l aMM^, ami htgtef fur toy» »fca» for g»>|» *!«»% 
Ulir * U oom Mna aofc Mi muster «i mn of acbaai m*^- 

ma4 K-val of far fhlfj rofajact 


ver ts m ukt i oportoi in a finar Iiiianiigilhm 1 on to* na^ of 
sou mi motion piotorw m high school biology tm given tor t Km - 
by Smith and Anderson (g 1$). In the imwam wlmfy the fc- 
dainoMtimtod that than were s i gnific ant dUfewmoei in 
afihkwiMiit of different ability group* as a result of th® use of edoea. 
THHiai film*. It wn demon strated ( hat than wt® a s ignificant diflw- 
mm m in the s a me diwetian for % group°of high aWU^ 

students and a of low ^1% and (hat to diffw^ree 

o b^vwi in a poop from thii ml^k r«ng» of ktofflya^ 
8i^ this mmM to b* an • it aerwl m » rtranlw 

»d ^ttt of dflptfteo fw Hi* prerrnt 

authors hyjkrthf^aiw&i two kinds of leamlap apt »nll y 
involved in the perftou.am** rf ft* dadati inve^tigutwl : »t>*t the 
superiority of the ^ poop of rtadanto orm cwtrol prop wm 

achkvad as a result of exoop tkna! performance with principal- type 
items (on the Neko* BioU§y Teat, forme AM mid BM) t wh stem, the 
aaperiority of the low group over thair control reetiltod from superior 
p^foranaroe with fact-t^pe itema 
Accordingly, Iteto# m the standard}^ tmt w«k Md, where 
po^iibk, m fact- type or principle- type. Hie exAndnation papers for 
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both the high group wd the low group ww then M*e©T«Kl in order 
to obtain » fact sc-onS and a principle icote. Already available war* 
f i h « intoJligence^teat scores for ^ch of the students hf the two group*. 
a rte stores obtained were proo^vwl by using the analysi* of variance 
ua corariaiKe wawm Pretest scores and intelligence were used 
aa control variable*. 

<n * results of the atm lysis yielcf&tl ttatiiifcieally significant differ* 
011006 in #»w of Mm experimental methodi of twAing biology 
prmoip^^ Timm diffar»^ wore found in both the hig h and low 

group*. iM aiBer®^™ *B>ong Mm mstOKti rmB] m*thr\d<» (ng ev i- 
d«^ by the fact wtejitt) were not, bwww, m gnjBmm t for 
eitJw group. The eat ham coodwted that “the ual^ia ofcr» no 
gup^t to the hypotheii* that two different Mud* of teaming 
involved." 


iuwe«- and upper of the ipectnim of aaaiieouo achievem^t and 



» 


to wwe r elati ve contribution of ushocls of varying mm i to the 

i ichiwen^ j (S) to aeewtain the dagpea 


ot ■wiiigi in four o il ter area* ( mat hematics, social studies, EflgiiA, 


nWit m »Wi^ a§ m eas u red by tort* in tho« areae? {4) to thwari fae 
urn variahimy jn eehte ycinmt or ability as meas ured by the trdn in 
Ate sour otoer uni of uio^ mion doignatMl m eveept mrml in 


iM authors need data on the academ ic achie vemen t an<l intelligence 
of M4# mamm Ugh ieiiool Mton who had token the .fffeenfW High 
Content Bmrn^ and the Test pf Mental 

d oilky , Ftri ttt. (J, A w to wm desig nated as exceptional If Mi MOW 
on * fzrtamtn test ( m*rm, wuahmtutim; aoeM studio, English, or 
in te lli ge n ce ) ^aeed fck in the upjter or teww 10 g*r@«t of He few- 
“““ '* >n fqr that test. By segrega ti ng the np|»r and 

«i t»A of the ft Hat*; the authors obtained 10 


were tubulated for 
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Following ig a summary of the findings which relate pr imar ily 
to science : 

1. It I* evident that, in spite of almost equal numbers of boys and §lris In 
the or iginal sample of 146 Mkn, the uppu 10- percent group la rrrlrm-r 
rtwtalsed a rt gal fl — atly greater percentage «f b«ys tbas girls: « ?J 
P«e— t boys, is agalart 32.4 percent girt# 

& Apparently, das of acted waa not a factor la ad— ca acfcl — — t tm 
the exceptional groups. 

8* The seniors in the upper 10-percent group la achievement — 4d 

to be more c ons let— t as to achievement la the other areas ** > "*T' r tin 
dW the lower 10- percent group. The correlation* of the scores la the 
other exceptional groups tor mathematic*, aortal •<» *.««** and Rngltih 
with the scores la a rl — e a revealed that the upper groups were more 
eoodd— t la aeletiee achiev e meat Una the tower groups. The oaly 
exception was la the ca— of la— lllg— ca where both correla tluaa were 
si gn i fica n t ate positive and not sl gmlhcea tly different. 

4. Perhaps one of the most surprising features of the results was the 
relatively sm a l l overlap between mathematics and science, To some 
extant this Is an doabt s function of the test which ferula to s^h—t— 
the — q — atlta tive measures la science. Moaetteteea, one ^ig>>» well 
hav# expected to find a considerably greater percentage of overlap. 

&. The distribution of science inures for the lower groape ia «— the— atica. 
Engll a h , aortal studies, arid In te ll igence overlapped to man* extent the 
distribution* of ed—ee scores for the upper groups la throe areas. 

& The upper group la ad— ee was more variable tha n the lower group 
as to ach ievement la mathematic* sad aortal start— The reverse was 
true to tiie assert utfaUlcM— 

1 . If eae consider* the average age of seniors at the time they tosh these 
teds to be abort. IT, the tower group la Intelligence ted deviation I^*s 
ranging from about 63 to 89, ate the upper group, from about 186 to I'll, 
la spite of this, 52.41 percent of the tow— group achieved enough In 
■douce to place them la the lower-middle 46 percent la s dance achieve- 
fa— t and in percent a chiev e d c*»"Uffh to glass them tn the a uca r 
middle 40 percent. Also, 48.76 percent of the my er group w«te 
sufficiently tow la science to place them la the upper mtddte 40 pe»mtn t 
ta sc l— achievement Fire a— tors, or g .46 percent, placed la tte 
tower —to 40 pM Inert— a— -tend two as — %*um 
I— t, placed la the tow— M per e— t • . 

The same e— tea far the otter tour areas revealed altghtiy less 
variation tor social studies, but some more variations for mathematics 





~~ 


— w- . .. . . 


wwrtr 



tli 1 1 


In to^ohing Mtnrml reso urce w 

ll* vv.-TO ^dw M*lyti»lly by THhhs (8 0) . Fw related probkmi* 
SBywdg»ted : (1) Wftere in tbs schools which hars had 
— to da^ilaping and orntdoof labormwrittf (8) Wiat wr * 
FrQootlnrw wnioii (Hitti idiools mpkjytd in p wiring and <Je* 
wtopinf their cmtdoor rtady arm*! (8) How are the k^rator^ 
**k*S » tMehinf oonserratkm ! ( 4 ) What are tom gnJdaf 

pruKaplfci by w Mofa other lohoob might develop and use outdoor 

«*hor so'l'rirsd dataikd infa roatfa * the four pr M*^ by 
mmimrmg with school personnel, and making 
firsthand ok*-. tattoos ol outdoor laboratories in five States (MkhC 
fan, North Carolina, Ohio, Want Virginia, and ff mw i M 



mmA pwiA* iiftpstfva int^wadtp for if* 


*** •* ■■ • leSotatojy (as a ptae*) m #t«vMa eamaTr a fM^ 
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•> A ■ snvMi mb oppuii HOKy far mlioox 


f>ttf iirXaa t« Sn oUmait^ s,wl 

*, A t™** * fa-iiUy awaabr ahesM i* 
eooft1tft»n«g tfa* 6fiaafcg« at to w 

trn an «i the hi lwretet y. 

f , tom-to tf ining, ? -*:~i nt to tha u« of 
r— fiTT >tl prumnt 



for it* 



tttl 


In acfcadoltn* 

laboratory 


to. Oarerratkw taatreettan ta th* omUk** laboratory Ml— Id he 

to provide mfixUasia opporttmltteii for pupil p&ytkMpatlca in. direct, 
purposeful mmhB O 

<.*rnfiu 

Rogers (S 10) mads a determination of the prevalence of oertaui 
important general science misconceptions among Oth- and lOthgrade 
children. To do this he compiled a li*t of 74 science misconception* 
and had a panel of judgw cl&sify each misconception in 1 of S ways ; 
(1) has serious implication for the behavior of the individual ; (S) 
has Kim implication for the behavior of the individual ; and (8) b** 
alight implication for the behavior of the individual. Five inv entory 
form* were than eourtruoted with fift it ems each. One- third of the 
statements in each form were true in order that the students would not 
discover that they were being tested for misconceptions. 

The forms were distributed widely amon g ®th- and 1 0th- grade 
science classes over the Nation, and 2,525 usable answer sheets were 
obtained, An item analysis was made of each misconception in the 
five inventory forms used at the 9th-grade level. Reliabilities of the 
five forms ranged from 0.745 to 0.&24. 

The following are some of the misconceptions which were believed 
by at least 60 percent of both boys and girb in the 9th and 10th 
grades of the sample, and were judged by the jury as having serious 
or some implication concerning children’s behavior: 

When tobacco smoke to Mown through a handkerchief, the yellow mark 
produced to doe to nicotine 
Gasoline burns in the thjuld at ate. 

There to always a calm before a atom. 

Cream to heavier than milk 

Water alwayaboito at the same temperature. 

Water always f r eoaeo when Its temperature to reduced to 32* Fahrenheit 
Vftd to formed aeaally on tee ovMdaof a window. 

If you can see May Mare la Are sky, we will nave fa to weather. 



Wheo a do* to fond of a roan, It showa Lhat person to be tmfii wortby. 
A drownin* person who fore down for the thlrd time la loet 
Women with red balr are ftofc tampered. 
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y *i Washington, UR) 
to Netro Hl*iN£toe*to to L writot— . 

1 “* Mateematle* Oettfw Offered to 0*rt*to High School* 
L W«w MUtmtitm, 41 : SOB-aOi, April 19 § 7 . 

4 Study of the Selene* uni y,thrmaf1-n Oeanm 
Ktoetrt by the I960 Senior Otoea, and the Humber <rf Beniore Who 
I’lanaed m Specialize to Setentlfl* Klehia la the Aredwale lltob Setotato 
HKwIerkOy. Hwrlerk : board of Edmmt^, 1U67. Up 
toui»«,ite«iA AHetareaf Betoiwe Work to 6»i While High 8eho#lii 
ot Norte Careta* tm um-M, lUMgh: North Oaxottoa State Dept*. 
Mttat«o*^UR ip. 


on the Col lege Lewd 

This current, surrey of science education research at the rbilere 
level covers 28 Judies selected from the more than SO which oom- 

Three 80 studies were obtained from the 
P««0«flal literature and from the abstracts of unpub lished studies 

Ifaferf ai* Kadi* «mni«d on Uw ooikg* knl v*ra oat oooetd- 
qualified for analysis in the present publication. It should 
•fun be pointed out, however, that some of the stadias 

would hare met the criteria if the abatraote and pnbU mt^g 
had bempreptrea with th*rmm^Fup M m B u JU L ‘ 

t fall 1^ 4U M. Si « 


^related 



4 t* method* and 
to etAtugf i to to»tfl,«yllabi, and 


; 13 to 


T!» following mu studies are largely of a surrey nature and 
therefore are not elaborated, but rather only listed. They deal with 
--uvh aspects of science teaching a# enrollment*, offerings, indent 
prwfbreaere, and teacher prejeratfoa, 

Dwtiifeg, Wot S. f^wna tarr y aud Phj&i rg ^ 

"M" 1 ” ffTOffea, 41- m~m April 1867. 

Htmuuioa, Pawl U, Karoilmwit Trm£t, Oftrtaga to d Tm^tr fi*r 
UScstloa to — T"^ •*» Tmmer Qm- 


24 akalthib or muidH ix rucsnro kxxkoi 

Studio* Related to the Cwrleuium 

Combs (C 9) studied the effect of certain curriculum patterns on 
student achievement in biology through comparing tow made by 
students who participated in a social studies oriented ©ore, a science- 
mathematics oriented core, and a general science subject matter core, 
with rtudeii achievement in a ^limited participation situation” 
(students without formal education in science) , She concluded that : 

(1) Toe less education these students had in general science the 
higher the correlation between intelligence and achievement in biol- 
ogy! (3) student* participating in the social science core scored 
higher in biology achievement than those who participated in the 
science- mathematics core ; and (8) none of the cure patter n! appeared 
to hare significant meaning for biology achievement- 

Hilton (C 14) developed a technique for the selection of laboratory 
experiments in a college physical science course designed for general 
educational purposes. Six criteria were used for selecting 12 experi- 
ments which were then taught for 2 semesters. Using a student- 
evaluation technique he found; (1) 98 percent of the students 
considered the study of physical science valuable to noweifeinee majors ; 

(2) 75 percent felt the laboratory work worth while and helpful in 
understanding science concept*; (3) 88 percent frit that the labora- 
tory provided experiences in the application of scientific method: 
(4) in spite of student opinion, no statistically significant difference 
existed between the performance of those with and those without 
laboratory experience. 

<-*? 

Sosmsky (C 23) used matched groups in H comparison of an inte- 
grated course in general chemistr y and qualitative analyst* of 1-year 
duration with separate courses in general chemistry and qualitative 
analysis in a school of pharmacy," He found that on four of six parte 
of a general chemistry examination, the two groups were aHks m 
aeMereuaent; hbwarer, the group taking tin standard separate courses 
was generally superior. 

'*r r V s -> 

Maad anhall (G U) studied A* growth of Id 1 *** to y nwn b 

day ©oncepts of the atom. He illustrates clearly the Importance of 

study of the history of adeeriftc jhli and their place In the 
t«tol lnt*lWt«d history of tout. Ho assembled a ow^Nterift 


rn Uw 3 Turn 


; : 


bibiiog^piiy raUted to the growth of the atomic eonoept end brought 
'f*' 7“® ™ w ^niKiny mat concepts of toe atom will undarao 

iu iw mid. tMfiilopmenL 






: '■ ll -‘ :r - ! (U a ) itttiiijBd . ol two tTpm of |»ix>r«±orir 

iik|imhb m a roum m fa ■ pjmnn|n^ tn ^ 

4 “ ' 1 ! ‘ : ' '* ! * So® AttiKllptijit tA - - . ; ^ i n tKn 

raiAUTB of toe iradiiiomt] *«d probtaro^ying D f 

aujU-OuMUO.^ U»m^ mMCtMC! px-i-r. of ■todaZUS. if—. f:a;t-..-{ M j r K&- .-- 

uu dinEtow wwwi toe Iwcs method* in taanh in g facto «■ 

*««ww«Mis ; l*, 1 uw probwn-eolTiiig method th mp«ior in ;ga--h - 
tom %ppi % ttfiM df physios facts, pnimpte, aod gtBfl Failjs&uofte i* 

mtorjPtfing sockl and pky»»J phenomena end in^dereloplng’ino^ 

Uj BiMfw. 1 nirLfijIig (Wthotlgii CrOf. the topio of * 

io; iwuw U» traaitionai nor th*t pi^leffi-aqmBg Mithod wm sup®, 

nor m touching to* m a| appajmtu* 


zoning biology.” Two group* routed between i‘u^. 

metirnd and h proWeeMohiiig w Stifle 
^ Uehni^ia. in, wore analysed, sefaig to. of 

j,"h® aaxrrOf 1 a n mfip g? wwj to® to?k*wm jr ■ 
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that the use of probkm-solnng situations in the laboratory was effec- 
tive in tilling an understanding of the scientific method ; and that out 
of the four method* used, the inductive- deductive method produced 
more learning then the other three methods. 

x 

Crooks (C 10) used student* in beginning col lege science Course* u 
respondents. Through them, applying the Fleseh scale, he found that 
they rated all of 20 well-known science textbooks (1) a* “dull” on 7 
of the categories, and (9) a* “fairly difficult*’ on 2 of the categories. 
In addition, the author discovered that all 20 textbooks offered serious 
reading handicap* for the students. 

1 


Bliae (0 5) conducted an opinion survey of college and high school 
teachers of science in regard to the preparation and eertificatioG of 
high school science teachers. There were 89 respondents to his ques^ 
tionnaire. He found : (1) A slight majority of the respondents agreed 
that the present 30 semester hours of required college science is sufficient 
preparation for teachers of general science ; (3) a distinct group of the 
high' school teachers regarded the 30 semester hours as inadequate 
for the preparation of teachers in biology, ch e mistr y, and physics ; 
(3) most of the respondents urged a 23-32 semester- hoar requirement 
in each of the held* of biology, chemistry, and physics. 

Brown (C 6) studied the “undergraduate professional education of 
elementary school teachers with special emphasis on the preparation 
for teaching science in theelementary schools of Mitchell County, Ga.” 
On the basis of the returns to a questionnaire, she recommended (1) a 
greater amount of study in such tome fields as astronomy, ento- 
mology, and earth adenoe; (3) more specific preoorvice and inservice 
seme courses for elementary school teachers; (!) lie* emphasis on 


elementary school toachefs; (4) more emphasis on the necessity for 
continuous curriculum and course revision ; and (§) more emphasis on 
preteaching or profession si laboratory experiences in practical siton- 
tktu " " ' 1 


(C 7), in ah effort to apply tbs “Isdst* of 



mJL-J 


warn ooBsd wstt to to '“g i .*,«d of elementary school romoe, and 
dmmwwnd that, whik them- t—e hats -«*ft t to factort, few of their 
Mttn «p to them, She found tha t her respondents indi- 
cted Art: (l) Inadequate fiollage pm^mntitM. vu the ioofifc pertmaot 
mutm for dafaiili of piaetia*: ami ( 8 ) college sewm* teacheri md 
• -thers fMpoc iibU for tho MteotUoo of gleroe otarj school tMchan xp- 
pe*»d to on other baton thmnOum prevalent in the litwrtore to 
m*fa tewm m to whrt will to most ffleful in the preparation of 
teacher* of etaiisiitai-y iohool ww^ 

Carlin (C 8} attem pted to discover “whether or not oounm in 
t iiemirtry md phvxics rt the high school level eontrihnte to meom& in 
1 *gmam^ college chraiitry , H He found that both high school physk* 
and chemistry oortnbata nun to wocmi ia college chemirtrr ^ Bri 
uom either high school phycm or high ■ehool fthwr,tM ?y when t&lrwf i 
alone, ' 

# 

Fkak (0 111 sr mi »xi oootm in feoem! college ehemiatry in aa 
e.twro pt to forum late aims for, and ways of improving, physical 
adman bmm aa taught at the high §ohoGl k»v*L He nnncinded that 
man y oowioii in gfraermi ooiie(je ch unu rtry are inappropriate for pre- 
pan^ proajwtire Beeondary school teacheri of phyrical arianc*. He 
urged that more emphatt* to placed on mtagratod science course* for 
Buck teadiera, 

G aw ley (0 U) s m a three-way developed criteria for a gen- 

eral methods eotma in mm education for Km Jersey seooodaiy 
toaotot*. A qnwtiQBnairi prepared from eow» topic listings 
m eolkga catalog*, wna wot to a list of edkgw. md uwversitiee to 
i^hiMwamiAiiiii law, anothir qa^iannairt, which 
i^hriad 11# of the mom topics a* tto first, vu prepared and sent to 
N«w Jersey secondary science feaoban for rating on a n tommcml scale, 
Ttow won npha Wnm them ito author developed a proposed 
osaaikpwl^ite^NwjBw^MooUva Tto 
oteaw wabia oitirnttmuck tm*m , Pwgger (0 2 B) and Srtmaii 
(C H) y developed taitoria far, a special methods course in physical 
s^soa edaartka , and also criteria for a special methods coarse in 
bWogiaa bmms education at the same institutions. 

,? ' ♦ *^C ■ 

Kruglak f 0 If) iMght to id«itify\, hy mm of a questionnaire, 
“whrt kind o# coopeirtkw. with eoUegea do high school imeimm of 
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physics want ?” H & found that these teachers want such cooperadre 
activities as joint sponsorship of science fairs, frequent meetings, dm 
information about careers in physics, and provision for gpeewr 
attention to gifted student^ 

McIntosh (C 20), in one of several evaluations of National Science 
F oundation academic year programs, found that — j 

1. A general feeling of apathy aad/or antipathy per faded the atodent* 
in the iMtttute group from time to time. 

2. The reeling w#» Increased by the rigorota lectuiea. 

S. The original placement atf moat of the group 1 a a aingie daw la mathe- 
mattes Apd biology was especially assailed a* arbitrary, considering the 
diversity of preparatory hmmwrr mnAm. 

4. The phytic* eoum wmb held In high regard, but the first -semester chem- 
istry coarse was berated (although the icooodemNtt on* wm judged 
gn Unproven sent), 

5. The engineering coune was considered to hare missed Its objective. 

8. Many of the group were dubious about the eecend-MUMtar mat hwna ttqi 
course. 

7 . Moit of the group approved the avowed aims of the program but felt 
that the selection methods and other aspect* needed improvement. They 
believed, however, that another year's program would be better. 

Speak (C 24) studied by mean* of a questionnaire “the academic 
science training of Kansas secondary teachers of biology in relation 
to their expressed needs.” H® found that the teachers in class AA 
schools were better qualified than those in other class groups. He 
listed what these teachers considered to be the most needed and 
related courses. 


Stollberg (C 25) paid a personal visit to 44 colleges and universities 
for the purpose of making “some observations concerning the ednea* 
tion of science teachers,” More specifically, his problem was to secure 
answers to such questions as; (1) What are effective techniques for 
recruiting increased numbers of science teachers? (2) What trends 
exist in terms of education for problem solving? Data and question 
sheets were sent ahead of the visit. ^ r Y 

The 44 institutions were scattered over t&e entire eoastry. The 
visits, lasting for 1 or 2 days, were used f a*Yntemewewith workers 
in science and science education, Fjfom the study, Stollberg formu- 
lated a list of pressing problems regarding the recruitment and 
preparation of science teachehgsueb as; (1) How can science teachers 
keep up to date? (2) How can we Identify the chaiaeterifities of 





tmaUtmk mimm tosAtogl {$) Bom ma the shwisge of science 
tie pctf 

Syxooki (0 it) considered the criteria for eekctir.g, developing, 
md vaUdating mptnmm nnite m gwwral biology for pwsjMsetive 
alaBilfittfy school tetohttfe, fis formulated a Ikt of irenera? bifffngin&l 
principle and validated idem by Bang dsmentuy school teachers as 
judges. He formulated criteria for the selection 'and development of 
laboratory e*pm*B«6 with biology and validated tha^ by using eol- 
i:-~c tceciiGre ss jadgtt. Finally, he developed % mthw scale tor 
validation. 


S ggrffeg Kmtrnm to Ik# 8mm 
of fkiemm TmMmg 

Amam (0 1) sough* to determine some of the besb change in 
»*««* teaching anticipated by lienee teachers. In a rather lengthy 
surrey he placed particular emphasis to technique* of mimn mjtrtie- 
tion, on labilities tor tostrncilon, on proviaioM tor superior students, 
and on pisdi^oDi for chengtng trends. 


Smdtm KMmrnd to Tmt*, SytUM, 
find Cmtnm in Sdm 


H» n n i % g (0 IS) prepared a monograph dvipri to assis t the 
t ractor ra the effective of the era» 1ngi<»al basis of 

Taufltt. ifc dtodopst a for or ganising matar-i^lo 

arourid froWein umm ami wnphariwd cc/Mogkal“ralatlonahi r * and 
twdierr jrep^mdbildvp* regarding tbtm relat io nships. He also sug- 
gested the hu plications tor teaching, 

Wuiw and Mayor (C M) collected information concerning “the 
contribution of ooUegw to the improvement of the teaching of mimoo 
$%ia mat hemati cs in high s chools. ” They amt • questionnaire to 4KW 
4-|^r wxUagii with enroitoweto of ow §00 eMtoseektog date m iha 
toSe^quMtkfcsf <lj Ara apteral ssbjeet matter conraea offered 

to ^ tor «edl^ to ^ tiwr w 

to areas whew they de not have the -isoal prerequisites for 
^atoetortmiyf (B) 

^ Ad m&msmteml < ($) Am offoampna efitensten courses 
oieted tor feacheff to these areas f <*) * 
high scitooi letches f 
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A total of 727 replies wwttitfwd. From tt*s,Wilte u&Utfoi 
wwrnetf the following facte ^ 
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^ wBegw www KAjtct Hiaiinr fur tatAm. 
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•78 offer-3-i no 

m eg$ma con.;..^ ^^ , hbsmm ts «a4 #8 n 
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c a »g so» la 

Mjmum ^rx Amwom mm t» lutwmsm?, m te fci#MB? s »ft la botany, m in 

m • sal ®«* iU t* 81 m pcjii-^ ib ia skf^w 

lad ~™ rffrt |(| [rmfuii fnin i 

no 1 

iT^^eolk^o^ 

®* rt * nM* 1 ** **• help In dMma irtfrlttwi < 18 , 

L ® ct »f» Nrtcs open to tUMnw eaacbwt—SB. 
l ^resuala tt^ at 

fWxliTHilpi BO, 

»mmam 


Stwiie* Related (o Science 


i ^ sh 2 ) lr )veetigated the personality differences brtwwsn college 
mrnjornt, m the imonl sciences andthflCB majoring m the 
■mb« mm-m. ' He and the Omfomh Tm of Person^itf with 
w!k« the defflred data. Through the of eofrefatiori 
te chni q ues, h® discovered Art there were no gfatfatfcaB j ^g n iffranf 
differences between the two gmips m to (1) morale, (!) social ad- 
justments \i) famil y ni^w, (l) ssnottorality, or (5) wawm 


(0 W) psswoWgd 4 Hrg* 
«**»«• «a m ud i«iatetl Ae* to certain 
. ** P&ifaiaiiiy. She found that 

ooHagi tomlmfa and 
to M&reettoe techntouea « ona 

“ *<*> 

(t) cgaatortk ai gf the 


asanjito to 


to (p w Hn 


<0 

fft» ff tf t Mgjjb itt m inifia 
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" 9 *»f , 

homm Tfcid&k Siftr^ft m ft basis for askoiiiig pototfal aoiMtiftc 

juitjipij i*dr Although the author did not im^i. - ,■ 

validly of the Aptitude inventory, to did report tto production of a . f 
^If-administetod tort with directions for scoring and for interpreting 
restate, , ■ * ,V ’■-.- 

: ' ' 

Hoyi, BjiMworth, and Kats (C IS) correiaied grades in engineerteg o 
physic* with grata in tto total eagiewring eomeolnis, ISSy ' ^ 
•'srigh,. to identify the Kinds of students enrolliag In my myia g --.3 
physwi, tto «topt to whkh perfonwnce could to predicted, an® Che * 

prognostic value of such a comm The malysig, covering 4iWI ato* •• 
dento ahtoOed fbr fi SMnesters, involved statistics! ’ • wunptationa, 
grata, scholastic aptitude scores, and ednc-itionai Mstortre. 

Fonowiagtaftedlngifi^iti^ study r r>t 

1 . on aptitude tests, stotats in a beginning coarse In ntigfeeeriag ntoatai 

mm bmm mom tku tto avera*# frMtoaa, 

softolfistie aptU od e leats did not *^paiSj pndtet achievement j| 
Pkjrti® or engineering. 

t. A good predictor teal oemm grades could to tto flat three guti anmto 
(i^Aterfftawwfiwrt), ■ * 

4 , Ommm pttos tort a don raUttonahip (o overall grade-point ,» tm- 

■orroUtt— m 0,88). « 

5, Otmrm aAtovaacat wma ckMusiF related to tto pa»Bfl»ility of gmAtm km, 
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Section II, laterpraniioBi and Hfeouimcndaiiouf* 


nhKt TOMMI1TEE of the Wt Unntl Aw wittwn for 
J-»> Tea ching , which provided th© basic from 

w Wch thk report has been Mwah tod, surveyed all Iwu®*, Julj 
19M to July 1957, of appnwrimately 50 jounndi that from tone to 

tiiao ha vo puhlisIttU reports of research in the ibid of science edu- 
cation. I** addition, each committee reviewed the abstracts of unpuh 
lislied studies in science education collected annually by the U.S. 
Office of Education from more than DOG institutions where studies in 
this field have previously been done. 

Despite the fact that the search was as meticulous and inclusive as 
possible, it Is probable that all studies in sc i wee education for tho 
involved were not. located. Both the National Association for 
' in Science Teaching and the U.S. Office of Education arc 
committed to the policy of improving this service by profiting from 
the work of previous committees. 

The ktorfwtotioiiB, and genera! eooiid*rttionB 

•et forth in thk motion aw those of the chai r man of the tom 
levels- elementary, •eeondafy, and ooikgo— together with three of 
Utt two fMwal chaim^n, one rejwiiiiitding the toe 

otlw the U.S. Office of Education. Thus, to some degree the mate- 
rial in this section may reflect the points of view and personal biases 
of tM i group, although every possible safeguard has been used to 
insure maximum objectivity. For any errors of judgment or mis 
interpretation, the general chairmen accept full responsibility, 
fa the year under review, the difference in number between the 
^viewed and toon* iiiketed ter wport to gnsator than fa, 
wrkm year. Because of thk k wmm t»pprt»j»i»te to list, once 
the criteria applied In to* final sefertton of a study. 

Ttoria wmm drawn «p by a mnito of too Nattewa 
ter Research in Sriiiiwi TmuMag and later adopted bv 
A copy of the criteria is in tho hands of each 
with teU mtmmtimm m to ite » Although toe 
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r. A iiiiwiai 

of a raw 

2. The «l<’v«*lopi 

mat of t 

of material* 

and the 

Mudfaa of Mtefiak a 

3. The develop* 

mi of i 

iag the material* that i 

4. The prepay al 

ioa of a 

rtwlu of 

nnutien 


for toalwiilrtlag wlmNy h> the uae 
Me of the frllfrii in 

nctkal pattern or twhnHiHt fa 
t the criteria. 

i the 


It la obvteoa that the foregoing type*, or mregorteo, of rvwearrh are not 
mutually rxclnrtv** la all reepect*. Atm iyeia often eptcre into studies that 
An primarily nperiaMntaL Certain types of syntheals may appropriately 
be a part of an analytical or a curricular study. Leaders la science ado* 
cation should attempt to judge the merit of each study that l* eomplatad 
•ad to report to the Office of Rdoeattois on their prepared forme all Wad tea 
that qualify aa research nndei par of the three Attempt** Aeald 

also be mate to report all other studies that aMboogh md readily rlve-lflrthlc. 
are nevertheless thorough, sutotautial, and definitely conatrurtire 

t lay fterf Pi Ornkom 
A 'rrm'H # 0. Curtin, 

Charlotte Grant 
Betty Lockwood Wh eeler 


Level 


In attempting a critical assessment of tin* research in elementary 
science reported for the year 1956-57, one should first note that two 
Important documents bearing on this subject have been produced in 
recent year*. The first of these is entitled What Research Soys About 
Science in the Elementary School * and the second, Elementary School 
Selence: Research, Theory and Practice* 

JElcmentary science has been recognised as a part of the school 
curriculum for more than 100 years. Before 1925 most of the empha- 
sis was on nature study. Beginning in the mid- 1 920*8 with the 
pioneer research of Craig, there has been increasing emphasis on a 
type of elementary kmm program which more nearly meets the 
needs of young people than was true of the traditional nature study. 

With the growing acceptance of & point of view which recognized 
that the interpretation of the physical environment is a natural facet 
of the development of young children, it became more and more ap- 
parent that much research was needed to establish % sound basis for 

■ HyOetaM S, Waifctftgtea! Kitten*! Bdwnttefi A—ort itUm 

CltMroom Trado-w, 1M7. 

•By Maxtox Dttnfec and Jsttan Qrccntea. Wadtotngton : National Rd 
for SiiparrlRion and OriMm Iterflojancnt, INT. 



eipe rinwn f s were o o ft du cfotl, bat very law were ■upoaftoi % 
adequate rfesmmh <j ; >n t 

Am the movement gmpi^d momentum and as mtire ichool digtrirti 
Degmn to put elginanta.fy ioiMce into dm curriculum*, it became 
apparent that rejjfeph wag needed in such areas m (1) the 

-n^r f , (2) the nature of the elementary science cur- 


(4) 


of el«ro«itary 

riculum, (|) typaTof learning 

eiperiBoon in ehmmtiiy 

iepohing materials and aids in elementary soknee, and (5) 
education as related to elementary Kjenoe. These areue supply a 
valuable, base for assessing the current research in elementary «*^i^ 
Over dm years theri haa been an ever- increa sing vol ume of nf udire 
devoted to most of tbe anti named abort, Among these mans’ bra 
made sigmlicant contributions and a relatively few stand out m land- 
mark studio*. 1M0 and 1980 there' wu a mark'd incre&a 

jn-the nnmter of research ttodiee in d^nentary bmw, 

1980, the inferos! in this arm has increased a hundredfold 
and there has probably been more research done than in the preceding 
100 years. Over the past decade much of the reported reaaareh hi 
he®i directed toward (1) curriculum content and instructional 
technique* and (8) teacher education m it relates to elementarr 
mkmm. 

Th® MoekratkiB of interest and concern for (dance in tK> 

■chooli of America has been directed as much to the elementary a* to 
dm secondary level. Schools in increasing numbers are prov iding 
more tboe for elementary science as well as fanprpved oounw, School 
udmmiitrttQrs, consultanta »a well m lay folk, are showing a quickened 
m forest in the «cbnoe propum, and many State and local school 
syrtems are engaged in reviaons of their courses of ttudy. 

The current activity in the revision of science offering and content 
m the secondary aobool ia creating a need for ree valuation of the in- 
structional material* in the elementary school. The need for more 
specialized scientist* has created a demand for better provisions for 
the pupil who ia t a lentil in science, This problem haa sharp impliea- 
tioM for the elementary science program a« wmD a* for research, «ine « 
it has hern fairly well established that young people who select: sc ientific 
careers get their interests early, many of them in the last years of the 
elementary school. 

Another factor which should influence the quality and quantity of 
research in elementary science is the increasing need for more science in 
th% day-to-day live* of those who are not science specialists. As the 
influence of science and technology increases, the demands few* more 
and bettor science both in the elementary and secondary schools will 
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follow lug 


Ifi the of deimmtary scienoe rcs^ rch for 1058-66, 19 rtad» 
reported for analyms. Seven of those ware cJurift ad as <mr- 
rioolom todies, 9 m learning todies, and 8 m twudMw^u mfjoc 
**»dk». The present report melodes only 8 Btodwi seleuted from the 
total of It identified by tbs reviewing committee, Three of these an 
clashed m curriculum todl**, Aw a* learning mhUm, tod two as 
teacher-education studies 

A careful examination of the total 87 todk* r^ioried in th» a nd the 
ftoviow toalysis reveals only a few menauring up to Ae critical need 
for research in elementary science. Among Awn would be to 
todiw devoted to aoknee prindplei, to the development of probteoi- 
8ote*og abflitka, ind to some aapeot* of teacher education. 

On the other hand, studies relate d to terthenks tod supplementary 
references, adeoce in girir’ camps, outdoor education, court* of tody 
and the like, while perhaps of some limited local importance, can 
lifted ly be said to contribute much toward Ae long-range improvement 
«f the e l emen tary sdeoce program. 

In the current anulyaia Ae curriculum todies of Cuno (El), Pella 
and Solberg (B 4), PUta (E 6), and Simon (B 8) apiH>ur to be 
worthwhile contributions to the literature, This is especially trm 
of A« last two, which seek some evidence for the feasibility of Intro- 
during Ae concepts of atonde energy and spaos travel into the ele- 
mentary curriculum. 

Btoh of the three learning todiefl appears to have been directed 
Award taste usne* in the Arid of elwnentar y riwe; Munter’s (Eft) 
toward children’s thinking, Garvey s (K 8) toward the stability of 

•tdenoe interests, and Johnson’s (E 3) toward ascertainment of Ae 
degree of reaching objectives. It should be pointed out, however, that 
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the fttftOftfdtt'dwtah of the studies, find (S) the rfgdr frith Whfohihe 

rtudito are carried oof, ‘ ; 
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Tl» rwwmw mmmium brought together a total of 61 ftndfoe Aytlhig 
wito or related to lorn® a^cot of school science on the ^ orutar y 
Although to* figure represents a conakleFahle iBoreaae over the ntnn- 
mt of n ^ i p aqM ncmsidemi for review last year, ft i* doubt f ul 
whether the increase repreaeiita a real ttpaniiHio of research activity. 
A oo^tl^mbie n^Mbv of •todiei reviewed this year were oomplefced 
in the iubm of 1056 before August 1; that ia, before the hag fru.tog 
of the period ran»% «Bd§ir diKMm, 

Of ft* total itodli* reviewed, only M are included in the 
™P*rt* Twanty-alx studies— 51 permit of the total- were judged by 
uie cuijimittee to b* uncurled in relation to the ^abliihed criteria, 
ijkivcti of three TOi reported Metiin t hey did ^t come wi thin th e 
lusfti of MMnh ss darin ed. The majority of rejects, ho wever , were 
ui.^rdeii b ecaus e toe ladles violated various rpfpiirvoumtw of sn umf 
iv_seurch, Some of tf y-a lacked orderly plana, ei ther for securing 
uato or itM deter m i ning t^lr validity. Some of them, in othei re^w^tg 
MOa ^» prcnited oooei^flo* which ww* overstatem ents of the «#na l 
nndings. Oft* ifadi*# in this group were eliminated for having at- 
remptea to prove the obvious or for having utilised selected data to 
prove a position long aim wOnhli.dLa,i 

Im number of iov ^tg atiqM by academic profeMionala, that is, 
H f lflne# educators employed in acade mic institutions, al*out equaled 
lfto * degree cittdi diUt Those two categories of mvrerigatera 
Manuk for nearly all the research eenajdered. 

committee derived its material from chiefly two souro^i : three 
imm °* B tUm* Bivmikm and ft* abstract* sent to the VM. Oft* 
of Education, Only eight research report* wore found in other jouri 
nato, and only one of these was accepts! for review. Three ftd,toh. nfl ] 
tt udiee were reported jn research bulletins of boards of education. 
According to ft* three broad dassificatkms of research rmogmimel 
by the aaepciaUon, the 18 studies described in the current review may 
!f £ IOU P«d as fdiowa^ experimental, 14 analytical* ajad 1 synthetic. 
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ANAUT8IB OF EKM1KCH LV TKACtUNG SCltNCS 

Regarding Us renew activities this yea r, tiie committee wishes to 
make the following observations : 

1. ^or exeeltaoe* m deallttg with on* or more (in some re see, nil 1 of tb« 

following g»p«et* of craftsmanship In educational research — choosing a 
significant problem. validating data, an! Kg rtattatkal analysis, tad ro 
porting — tb» of th*re inreattgntorg are noteworthy: Andargon. 

P*l». and Smith ; MaUioaon ; Bimendtncer ; Smith and Aadaraon : Victor : 

hi >4 Wire. 

2, Ioaofar aa the studies reflect the science nwrw which dor weondin 
aehoota actually offered during l&oft 57, one ran er that «urpri«nji> 
littJa curriculum expert mania Uoa wag attempted through-xit Lbe Katies 

Manr studies are being otmpMtd which merely dsplkatt the work of 
f«wr iareatigatore. Sobm* erf tb# dupUretea appear to be little more 
than exercises in reeearch technique rather than serious attempts to 
add to out fund of inform* tion about *ci«Bre adoration. 

4. If candidate* for the degA» in M.8., M i, and M. Bd. are required t- 
conduct research and write tlwec- for their degrees, the® their Institu- 
tion* hare a responsibility to help them Icaru the method! of scholarly 

" investigation and reporting 

5. Science educators apeak with confidence in recosnnendtet problem pole 
tng aa a desirable teaching objective. Howerer, experimental paycho l 
ogiata hare encountered d 1 flica I ty in identify ing the >ni » ^ tymi gmUny 
in the compter of mental *ctl Titles *mi emotion* involved in problem 
•olring. We in science education moat ore extreme care In conducting 
research on problem so! ring in riew of tbt complexity which M g been 
r «eognised by experimental payebek^iata In dealing with (his arm. 


College level 

Even though the National Association for Research in Science 
Teaching and both reviewing committees have defined and categorised 
science education research, an overview of the college level research 
reported in this bullrtin indicates that further efforts in this direction 
are n ecessa ry. It must be granted, however, that college-level stadias 
in this area do not readily laid themselves tp orderly schemes of 
classification. 

In the earlier years there was an intense fervor among such men as 
Curtis, Downing, Powers, Craig, Pieper, and other forward-looking 
science educators for systematic teacher-education resea rch in the 
arett of methodology, learning theory, curriculum, and the Ilka 
These man gave systemat ic attention to procedures, concept and prin- 
formation, the social implications of science, problem-solving 
techniques, anti they even promoted the formation of bureaus and cen- 
ters for research in science education. They wrote many convincing 


wtusiei o« tEo god UBportanCc rf rOfflCJJ ofa activity, both to 

boa Mid ua to thi inamdoaJ uT«sti|itor. AUhon|h some of their 
techniques, judged by prennteday standard^ may appear a little hewih 
tiering, thvatT'Mearohea erfiibiied a great aagernew to la real mw 
methods and designs. Testa, scales, experiments, statistical methods, 
and tna luo were ima so new that tiwj often sasuined the major role in 
investigations rather than a minor role as useful tools, aids, or devices. 

Much of the research reviewed for possible iocJuaon in thk analysis 
does not represent improvement over thore earlier efforts. There is too 
iiuJa iwmmw of the need ror research mvolTing Um g jigs rg mtw^ of 
groups as groups, their structure, interaction, and dynamite; or of the 
iiond for research in the elements of observable behavior or appropri ate 
methods of analyrts of group date 

Review of uae pertinent literature point mg to the need for an invest! - 
gmtk» is often inadequately dose, if at all Library research, methods 
of eittuae, and recognition of the frontier studies are all too frequently 
of a OMoal nature and inadequate scope. The case study, as a method, 
aspemally in an aatoropologieal frame of reference, is overlooked or 
absent. Also overlooked or ahaent is recqgriTtion of new teehniqtieB 
for analyz in g data. 

There is a eompieuous absence of new experimental designs, and of 
|iiv|mn elimination of the person-to-person matching techniques as 
■ sign ifica nt fa (tor. There is too little research baaed on the assump- 
tion that research may nwn effective i# conducted by thow re- 
opuuwuMo fur paUiog it into action. There is g reat, rwv-d for i vn ^ 
ouipossia, nor only on what people kearn but also on how they learn: 
urt eniph«ai« on the learner rather than on teacher techniques; for 
more mptisma cm prow* and kes oo product and thiiqp; for greater 
em pha s is on group research, cnopermijan m planning and eralsotion. 

unity r a t h e r man diifufflon, Tha jwyehotogtst, #twI 

soisme e dneator mart learn to work together more etaedy, and in a 
more coordinated faah i<in, 

In a recent review of eoikge level mwl in ackmce edwoztkm 
mrming the past 90 years. Mi Ire. and Van Deventer* mv the 
following: 


Aw 


^ ^ 1b the tmr-alag of eoti eg e kta w 

tateodaetoey tomm— these stndte. hare focused a« ^ 

n ^ m * ttt of ■etenes te^lag iaetediiig 

Kurtpia^ stoUie ■•rhoitolotj, ud rt. ar.Hct,> attttate; tke 
of totfstaf ; w s qwmt ewiw; tabormtoryj 

• fawteuetw ii. 
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Thane appears to be considerable evidence to Support tha conten- 
tion that in general the number of mrertigatiboa in science edoca 
fckm hm been increasing over the past few yeirs; yet for the part 2 
years the number elected for ibis annual survey has decrease*! in 
every category. In 1955-60, 19 studies were reported in elementary 
science, 93 in secondary science, and 40 in college science. This 
nuuie a total of 81 studies. The present report contains 8 studies 
for the elementary level, 18 for ths secondary (in addition, T surveys 
were listed) and 28 for the oolite, making a total of 54, 

The personnel concerned with the selection and evaluation of them 
studies are fully aware of the shortcomings inherent in the process 
»eod and, moreover, feel that the criteria oited earlier in this report 
may not be the best that could havB been used. Granting all of the 
above, however, it is still difieult understand why there should 
be such a sharp decline in studies reported on each level at a time when 
an increasing number of research studies is being conducted. 

Tbs need for good research studies in science education has never 
been mow critical than at present, when so many organisations 
agendas involved in some aspect of long-range improvement p 
are seeking guidance from research findings. The pioneer rc a ea rc. 
of men like Powers, Craig, Downing, Curtis, and ethers have been 
meotJoned earlier in this bulletin. Thews men were deeply concerned 
with research on some of the broad and unresolved issues of their 
day. They carried on this research m a part of their academic 
responsibilities. 

When one oonakierg the large number of outstanding leaders in 
s cience education today who are qualified to do research, as oompered 
with the number during the time when Gw mm named above ware 
active, It become* apparent that, there has been a sharp decrease in 
ftefcareh studies from this source. An examination of the 54 studios 
analyzed in this bulletin will reveal that inert of the studies have been 
done eithiw 1^ dassroom tei^i^ or by student* writing them. Few 
have been done by professors of science education. 

Most of the studies reported appear to hare been done as partial 
fulfillment for advanced degrees. Ko doubt this accounts for much of 
the fragmenUry character 'of the research ami for its narrow local 
ipterert and limited application. 

-•The comments above are not to be taken as criticism of such studies. 
Bather, more of them should be encouraged, fyr they do make contri- 
te the solution of many local problems. It is also quite proh 
that the persons eondiict|Bg such studies will, through their 
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rase*, be belter qualified md will to stimulated to attack of the 
browta- p rMetm tot confront sd«oe teaching. 

At » time when soiaoo* and technology are burning dominan t 
motors in to oujtore, there is need that whence teaching should real - 
» te potontkla. And ye* there is anorerw helping body of 

evuteooe to indicate tot this is not now tms. Millions of people a n 
iiiHuenoej by superetiUoii and unfounded belief. Other milHoqs are 
preyed upon by charUUna who seek to take advantage of to low 
!?¥■! of raaiQra itwnujy of the public mind. Somehow woj snoft edu- 
. u*.™. wsm iiiw tsniw im oecscxne more funectonaJ tn 

'" Ui pwpin. He mum. nna u*e reasons why scienoe whi^slion 
Ul ’® ttuw more oi me outcomee which it seekR, And of? re 

:u:vi uiw »■», we win need to nmi ways to alleviate the conditions 
and make the neooemry i m p ro veccen tt. 

1 hi- is only one are* of 8d<m<* education, that of learning, where 
many deeply involved iasu« iia. Others could be mentioned which 
re nf «Q U *I or greater Importance. Three pore to bread and sfgmfi- 
ant problems for research in this field which all tor to beat 
i hat oftn be found in scionre and allied areaa. The broad unresolved 
iwuea must be isolated, the duster of problems requiring solutions 
must be defined, and the hypotheses must be steteg and tested. 

Only when three ~op« havp Been taken will researchers in scieDoe 
s-aueauon be m a position to conduct rtudiee which have significance 
for the steady improvement needed over the neat decade. 


Recommendation* 


h-*^ wn iriL, uisijqio ur uin current rese*ut:ti in scienoe trechinjf 
and on the general ocmaiderations discussed above, the following 
recommendations are made by to Committee : 

L That those recpoaaiMe for Alreetiiif research la sdaoce ad ocattoa at-, 
teopt ta focus oo at odwe which are most likely to rwtft la 
Gudkos with broad Implies U ana 

2, That thcaa reaponrfbic for directiaf research ta seteace education hcid 
to hlrb rfandards la tha statistical deatpj, to the coodoct ot to studies, 
•«*A la the loterpretatkio ot the raacarch data. 

3. uk! Imme diate steps be taken to define (be mayor unresolved liffirinr 
in science teach lac. 

A Tint, o mm these major imresolved isnues are defined, they be followed 
by a defin ition of ctestari of problems which must be solved ta order 
to resolve the 1 m, 

8 . That hypotheses Iw propoaed for twain* ta the mduttoe «C to problems. 

& That all available Neeareh in e d reee sdn^ he mu ao d 

h> t to years following to lad ahatreet (]MB). • 
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7. That available research bearing on the unresolved issues is science 
education be evaluated and that a bibliography be compiled under 
headings related to these tones. 

8. That a comprehensive plan for coordinated research In science educa- 
tion be madf, adopted, and put Into operation throughout the country. 

9. That specially designated centers for research on given issues be set up 
at several universities and appropriate lines of communication among 
them be established through a central clearing-house agency. 

10. That able university scholars in the field of selsBce education engage, 
in greater number than at present, tn broad research studies as a part 
of Qielr academic reapoiisihinties. 


"i-- - 
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Sectiuu ill* oibliofp*mphie» 


Elementary School Level 


i. cunu. a«k. Ualoo UiT Teaching Bdenee In Primary Grades. (Unnah- 
llshed master'* tbeala, University of California, PM6,) 

*' UAgs * rr * A * M An lnrMtJ*aU«i To Determine the Stability of 

Science Intereata of rive Hundred Fifth-Grade Children in the City of 
rftmdeaee. Rhode Inland. ( Unpublished doctoral disserts t lots Uniw. 
aity of Rhode inland, 1W. ) 

3, JoHirsTOi^ JAim, Tb « Relative Achievement^ of the Objective* of Ban*- 

ter, School Science in a Representative Sampling of Minnesota Schools, 
( Unpubliiibed doctoral iHmmi t u t ion, 1 1 n I vc rsl t y qf M l nwa^ n J964D 

4, PftL4 , Mimw o. end Boomo, Kl«* M, What a Fifth Grade Learns About 

Atomic Bamra 1 . School Solmm and Mmthemmtim, M • 71JU-724. December 
IBM. Z 

5, Mnam. L*uwam>. Written Responses to Cause-Effect Quest loue In- the 

Natural Sdeoces by Children In Grade* 8-6. (Unpob ilahnd master’s 
thesis, University of California, lt*5r>.) 

PiLm Aum. TMcher Recognised Difficulties Encountered fn the Teuch- 
iny of Science In the Bhawsotary School* of Florida. (Unpublished 
doctoral dtaertaGon, University of Florida, 1854.) 

7. RionAB»oH, Bvak C. The Need of In-Service Oonaultatloo Aaaiatance in 
kpf^dloy the Science CooteibutiQn to Elementary Objectives. Newark, 
NJT. : State Teachers CoRefe, 1W. ’ 

o. biMM, AtW. Sou* Travel — A. Unit of Science Study tm r the BuBftwy 
SclKKd. ( Unpublished master's thaffia, University of Southern thltf^ii 
iW) . 


Secondary School Lord 


L Asoxaaoa, KEXNrrn R., Pauf, T*t*‘ CX, Sums, IIerrkrt A. A Study 
*n[ the VFrixbii'ty of Exceptional High School Seniont in Science and 
Other Academic Area*. Lawrence : U »1 vanity of tCanm*. 1957. 
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2. Bjlang, Sam S, A Topical Analysis of High School Biology Teithookft 

Hcience. BdueaUtm, 41 ; 205-209, April 1957, 

3. Drl oaob, Wax 8, and Bots worth, Willa. Turnover of High School 

Chemistry Teachers, Alabama 1942-53 Bcienve Education, 41 r 200-201, 

April 1957, 

4. Easter, Ronald R Effect! yen ess of Using Biographical Sketches in the 

Teaching of High School Chemistry (Unpublished doctoral dissertation 
Iowa State College, 1956.) 

5. OoRHEOfo, Harvey J Jr. Construction and Validation of a Film Slide Test 

to Measure Ability to Apply Scientific Method in a Selected Area of 

High School Physics » Unpublished doctoral dissertation. University 
of Pittsburgh, 1956.) 

6. Ilians, Clyde W An Analysis nf Inc Development and l sc . >f Outdoor 

Laboratories in Teaching ( lonservuitou in Public Schools. (Uupuh 
lished doctoral dissertation, University of Michigan, 1956 

7. Lockwood, J Bryce The Mathematical Processes Needed in Learning 

High School Chemistry and High Scbtxil Physics { Unpublished master'- 
thesis. Western Michigan College, 1957.) 

8. Mau.trson, Jacqttfjjne B The Relative Difficulties of Different Tyi>cs of 

Items oo Tests for High School Science Kalamazoo Western Michigan 

College, 1957 

9. Richter, Marion C. R. Drawing and Learning in Biology : The Relationship 

Between Pupils’ Drawings of Visual Aids and Their Learning in Biology 
(Unpublished doctoral d i sserta t ion. Teachers College, Columbia University 

1956.) 

10. Rogers. William V A Determination of the Prevalence of Certain Impor 

tant General Science Misconceptions Among Ninth-Grade and Tenth-Grade 
School Children (Unpublished doctoral dissertation, Boston University, 

1956.) 

11. Hon eh bxsg. 8 a mi; el. The Status of .Keiemr 'leaching Manpower in New 

York City Srtew'e Education, 41 : 119-125, March 1957. 

12. Soott, John I> A Comparison of Two Methods of Teaching Tenth Grade 

General Science, (Unpublished masters thesis, Tennessee Agricultural 
a ad Industrial State University, 1957.) 

13. Siblee, Wabkm D. A Study of Scholastic Achievement in Secondary School 

Science In Relation to Pupil's Relative Preference for the Subject (Un 
published doctors! dissertation, School of Education, University of Pitts- 
burgh, 1956.) 

14 SlMiHOTWOBR, Elizabeth A The Ability to identify and Evaluate Assump- 
tions in Eighth-Grade General Science. (Unpublished doctoral disserts 
lion, New York University, 1955. ) 

15. Smelt®, John R. Retention of Learning* In High School Chemistry. The 

Science Te&chef t 23 : 2R5 and 305, October 1956 

16. Smith, Bawsa-v A. and Andersoh, Kknhcth K. An Inquiry Into Some 

Possible Learning Differentials as a Result of the Use of Sound Motion Pic- 
tures In High School Biology, Lawrence: University of Kansas, 1957. 

17. Victor, Upward. The Converted Science Teacher. ( Unpublished doctoral 

dissertation, Harvard University, 1957 ) 




Htsg, Harold E. A Comparison of the Effectiveness of Courses at Three 
Lerclii of Instruction in Developing Understandings of Selected Principles 
of Physics. Science Education, 41 : 418- 424, December 1957. 


College Level 

Adams, Nohval El Status of Science Instruction. School Science and 
Mathcmalict, 56 : 747-756, December 1906. 

Agii, Curtis, Personality Differences Between Students Majoring in the 
Natural Sciences and lu the Social Sciences. (Unpublished master 1 * 
thesis, Atlanta University, 1956.) 

Ha in tee, Momca Eranx, A Study of the Outcomes of Two Types of 
Laboratory Technique Used In a Course in College General Physics for 
Students Planning to he Teachers In the Elementary Grades. (Unpub- 
lished doctoral dissertation, University of Wisconsin, no date.) 

Hi.acksiiear, Jour Solomon. The Relative Effectiveness of Two Methods 
of Teaching Biology. < Unpublished master's thesis, Atlanta Uuberait* 
195G. ) ’ 

Buss, Horace H. Preparation and Certification of High School Teachers 
of Sciehoe : A Harvey of Opinion of College Teachers of Science. (Paper 
read before the Oklahoma Academy of Science. The University of Okla- 
homa, I>ee. 1, 1956.) 

Browjv, Katbebtk Vem»&THA Mjmhjeton. a Study of Undegradoate 
Professional Education of Elementary School Teachers with Special 
Emphasis on the {‘reparation for Teaching Science in the Elementary 
Scb^* of Mitchell County, Georgia, 1964 1 955. (Unpublished master’s 
t heats, Atlanta University, 1956.) 

Bbtart, Vkba Hkgulus. The Effectiveness of Science Teaching In Elemen- 
mry Schools. (Unpublished Master’s thesis, Atlanta University, 1966.) 

akun. Jour J. Do Couftes in Chemistry and Physics at the High School 
Level Coutribute to Success in Beginning College Chemistry? Journal of 

Chemical Education, 34 ; ®~26. January 1957. 

Comb*. Joes Hsskis. A Comparative Study of the Effect of Certain Cur- 
riculum Patterns on Student Achievement Id Biology. (Unpublished 
master's thesia, Atlanta University, 1966.) ^ 

t. books, faiOT B. M. Reading and Science Instruction. The American 
Sioloffy Tmcher, 19:135-143, May 1957. 

n Fuact, J&vaa Burnt}?? . General Chemistry for Protective Teeehar# of 
Physical Science in High School. (Unpublished doctoral dissertation, 
Florida State University, 1966.) 

11. ttAWLrr. lawn* H. t Jk Criteria For a General Methods Course in Science 
Education for New Jersey Secondary School Science Teachers. (Unpub 
ilshed doctoral dissert* Uon, Teachers College, Columbia University, 
1981. ) 

i:i Hwroiita* Qm me. The Roolofl eal Buii of Ooneeraitloik : Witt An Anal- 
into of Taking Prm^diir * lUspisMii^ad tokwraj praj^t, tmzhrnm 
OtftaM Columbia VMwmAtg, last*) 
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14 Hilton, David A. A Technique for the Selection of Laboratory Experiments 

for a College General Education Physical Science Course. (Unpublished 
doctoral dissertation, Wayne State University, 1956.) 

15 Hoyt. Donate. Ellsworth, Louis 0. and Rati, Robert, Correlation be- 

tween Grades in Engineering physics and Performance In Engineering 
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